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SOME STUDIES ON STACK EMISSIONS
FROM LIGNITE-FIRED POWERPLANIS

S
TS

g e

by

z2

G. H. Gronhovd,”%, P. H. Tufte,®’ and S. J. Selle®®

Introduction

Stack emission limits for new statiomary sources of greater than 250-
MMztu/hr input were promulgated on a national basis by the Envivonmental Pro-
tection Agency (EPA) in 1971.%22  These standards include limits for SO-, NU;,
and particulate matter and are applicable to all plants constructed or sig
nificantly modified after August 17, 1971. In addition, there are State, . :l
~times local, regulzations partaining to emissions from new and existing

erplancs.

Little information is avsilable in the literature on the quantir.: and
guality of stack emissions from boilers burning North Dakota lignite. Forx
this reason NO, limits for lignite-fired plants were not spaocified in the
Mational Emission Standards. Lignite from the North ra Great Plains Provincn
is currently used in plants totaling about 1,200-M4J capacity, and plants now
urnder construction will increase the total to 2,000 W by 1975. During tha
past 8 years but most actively since 1970, the Bureau of Mines has cor 'uct
field tests in which data or furnace exit and stack emisszions from lignite
fired plants have been obtained. This report prezents data on SO, SO., NO,,
ard solid particulate emissions obtained in these fizld tests. Such data
should be of value to those responsible for the design, procurement, or opsr +-
tion of air pollution control devices for lignite-burniny plaunts,

’
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The cooperation of Otter Tail Co., Basin Electric Caup., Central Power
Electric Coop., and Minnkota Power Coop. in permitting tests at theic plants
is gratefully acknowledged. Without their support the tests would not have
been possible.

Powverplants Tested

Tests were conducted at three pulverized-coal-fired (pc-fired) plants,
one cyclone-fired plant, and one spreader-stoker-firad plant, each burning
lignite from a different mine in North Dakota. Information on each of the
plants tested and the source of lignite burnzd are given in table 5. This
report includes data from a totsl of 46 test days, 39 of which were with
pc firing.
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Calcul-tion Methods aand Test Procedures

General

Principal emphasis was on the measurement of S0, emissions and their rela-
ticnship to sulfur levsl in the coal burned. For such a study a complete ash
and sulfur balance on the boilers tested would have been desirable. However,
the difficulty and expense involved in collecting, weighting, and sampling
e quantities of ash (15 to 20 tows poc hour for a 200-MW unit) makes a
nlete sulfur balance quite impractical within the framawork of a limited
Data on SO, are bascd only on sampling of the coal feed and analysis

the flue gas.
Calculation Method

The SO, emission per million Btu input and the percentage of input sulfur

in the liznite that is emitted as SO, cuan be calculated from the coal and the

flue gas auvalyses without knowing the waights of coal burned or velume of flue
gas produced. Given the carbon, sulfur, and heatieoy value of the coal and the
Orsat analysis of the flue gas, a bala‘ce on the ca hon, assuming that all of

the carboa in the coal appears as CO, and CO in the flue gas, yields the fol-

lowing equations:

. (1)

-z C [ pom ) | .
and S.E. = 2.67 x 10 , .
: (Co, + €Oy \. S )

1b SO, /MMBtu = 5.33 X—mm-—t—— (993

parts per million of SO, in the flue gas, voluie per volur»
on a dry basis;

whera ppa

vol-pct in flue gas from Orsat analysis;

(]
o
&
4+
)
o
i

(@]
It

wt-pct carbon from the ultimate anzlysis ol fuel;

%]
|

= wt-pct sulfur from ultimate analysis of fuel
HHV = higher heating value of the coal, Btu/lb;

and S.E. = pct of input sulfur in the coal ewmitted as SO, .
yata from ultimate analysis and heatiaz value should be con the same basis--
as received or moisture free
. . . 2
A typical North Dakota lignite™™ h.us 65 peot carboa, 10 pot ash, and
1
L C

10,300 Btu/lb on a dry basis. Using thosa va he ounds ©f SO, permillion

v . Al y - .
A, W RO Ko, and J0 L Flder. daalusis af o

vios Yrovinee Lignitas and Thaiv Aah: A Study ol

7133, 1963, 95 pp.
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removal required to .azet the 1.2 1b/MiBtu national emission limit is given by
the lines of percent removal. For example (illustrated b, the dashed lines on
the chart), a lignite having l-pct-sulfur content on a dry basis would have an
equivalent SO, in the flue gas of 1.85 1b/Btu or 837 ppm. A 37-pct reduc-
tion in SO, would be required to meet the national emission limit.

The NO;, emission rate reported as X0, can be calculated by a similar
method as for SO, using the equation

. C pm N\
LIRS AON: = .83 . SN - R 3>
1o 20, e = 3.83 X oo (BER ) (

where ppm = parts per million of NO; in the flue gas, volume per volums on a
dry basis.

Coal Sempling and Analysis

In sampling the lignite feed to the boilers, the objective was to collect
a representative sample that would give an accurate value of the sulfur iapu-
during the SO; sapling period. Thz coal handlisg equipment and the facili-
ties for sampling varied from plant to plant. The usual sampling procedure
was to collect grab samples from each coal fesder at 1/2-hour intervals and
combine these samples for determination of average sulfur content.

3.00 ¢ e T ! Spocial tests were run
Silo K at both the Leland 0ldz and

(7:.-~ A\ Lo Milton R. ¥ 7 plants t
Beit from _ \)QU@ oung plants to

- - determine the variability of
T 00000 L i
¥ v

sulfur content in the lig-
17 nite. At thr Leland Olds
Sito A »
2.00 Silo arrongement -

PERCENT SULFUR IN MOISTURE-FREE LIGNI™:

plant, grab samples were col-
lected at four 15-min inter-
vals simultaneously from the
two storage silos that weno
-l physically facthest apave.

/D\\\\ /,/ﬁl Each sample w2s split into
~ e 1 fouv aliquots, two of which
™~ vere analyzed by one labora-

~N Nt
A”m,ﬂw-~‘”’§}7 9 tory and two by another.
4  The results of the sulfur
determinations at the two

S0 O - Feedwr A "I  laboratories are showa in
1 Q - Feuder K | table 6, and the average of
the four determinations {or
N V. L i . each sample is plottesd in
0 s 30 45 figure 55. The relative
TIME , minutes difiorences in sulfur con-
[=4 Rt s N R
FIGURE 5%, - Varizntio o io sulfur content of 1 isit with Otailzzykigsgghgkin or
time an! Loing of samipling, a given Fosdor in A

intavval approoach. |
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P00 net Wicghis - wnd b rween-laborarory resulls were enaltly withis
Uy . ; 3

12 percente

t

he »Milton

nte, respeciively.  Similer vesulis

ang plent.

<
tolerances of 0.35 and 0. e po
were found for data from R. Yo

TABLE 6. - Variation in suifur content of lignite
at the lLeland Olds plant

- Sulfur coépentration, pct moisture free
Time, min Silo Lleb. G Lab., P _J Average
1 Sample 1 |[Sample 2 | Sample 3)“SLJ},8 4

0 A 1.49 1.34 1.33 1.41 1.39

K .76 .82 .93 .82 .83

15, e A .79 .77 52 .85 .81
K 1.42 1.25 1.55 1.56 1.45

300 L A .56 .94 .96 .96 .95

K .91 .91 .95 .94 - .93

L T A .50 .94 .97 1.01 .95
do X b o137 1.37 1.46 1.46 1.42

The data indicate the dif{ficulty in obtaining a representative lignite
wxple fur sulfur balences. Sampling is a factor that is too often over-
tooked in peverplant testing, &nd some of the variation in data for the SO,
tests could be attributed to nenreprescntative coal samples despite the empha-
ig¢ placed on coal sampling.

S0, and SO, Suzmpling Procedure

Sulfur tricxide and SO, determinations were made by single point sampling
in the flue gas ducts in each of the boilers tested. Usually the samples were
collected in the duct between the boiler exit aund the air heater, but some
samples were collected after the air heater. In one case, s.mples were col-
lected from the stack.

The apperatus uscd for SO, and SO, determination was similar to that
described by Lisle and Sensenbazugh.®®  The flue gas is drawn through a ron-
denser maintained at 140° to 194° F where the S0, is selectively condensed and
collected. The flue gas then passes thiroush a bubbler containing a 3-pct U:0;
sulution. The resulting sulfuric acid is titrated to a methyl purple endpoint
using a standard NaOH solution.

Orsat analyses were usually taken befere and after each 30-min test for
SOz . All of the 80, 50., and NO, values have been normalized to a 30-pct
excess alr basis for ease of comparison.

Z%lisle, E. S., and J. D. Sensecnbaugh. -Théwﬁeterminatiggﬂof Sulfur Trioxide
eand Acid Dew Point in Flue Gas. Combustion, v. 36, No. 7, January 1965,
pp. 12-15.



83

NO, Sampling Procedure

The NO, sampling was usually done at or ncar the SO0z sampling location.
The procedure used was the Phenoldisulfonic acid method, specified as
mfethod 7" by the EPA in the Federal Register.®® Because the tes® is more
difficult to perform than the S0 test, fewsr determinations were made.

Particulate Sampling and Study

tion of chemical analysis, particle size distribution, and, in later tes
for electrical resistivity. The fly ash samples were obtaired from machanical
dust collector hoppers, pilof or commevcial electrostatic precipitator hopuars,
or from aspirated flue gas samples. Particle size analysis was doae by the
Bahco method and laboratory electrical resistivity measurements were by a
method similar to that given in ASME PTC-28.%" 1In the later tests, two

"in situ' methods were used for resistivity studies. Details of these test
procedures have been published.®”

During most of the tests, samples of fly ash wore collected for dutermina-
t

Results and Discussion

Summnary of SO Results

A total of 51 determinations of S0, contenl were made at the various
lignite-burning plants. In most of these tests, a trace of S50, was detected
but in no case did it exceed 1l ppm, even with SO, levels as high as 1,395 ppm.
Such low SO, coucentrations differ considerably from those published for east-
ern bituminous coals where it is normal for the 50; content to b= 1 ta 2 pet
of the SO, content. The lack of free 50; in the flue gas from lignite-fired
boilers is believed to be caused by the presence of reactive alikali ia ths
fly ash. Any SO, produced rapidly reacts with the alkali to pro.duce sulfates.

Summary of SO, Results

Data on the coal analysis, ash andlysis, and SO, in the flus gas for the
46 test days are given in table 7. Included are data collected during 39 test
days with pe firing, 5 days with cyclone firing, and 2 days wirth spreader-
stoker firing. ‘' Figuve 56 shows a frequency distribution of pounds of
SO, /MMBtu input‘for the test days, which include all variations in coal anal-
ysis, ash analysis, and firing method. For 17 of the test dayrs, the S0, emis-
sions levels were between 1.0 and 1.5 1b/MMBzu and for another 16 they were
between 1.5 and 2.0 1b/"%Btu. For 13 test days, the SO; emissions were below
the 1.2 1b/MMBtu natioual limit. There were only 7 test days in which the S0,
was above 2 1b/MMBtu, at which level a 40-pct reduction would be required to
meet the 1.2 1b/MMBtu level.

% Work cited in fooinote 23.
2" American Society of Mechanical Enginsers. Determinig the Proporties of
Particulats Matter. ASME PIC-28, New York, 1965, pp. 1:-17.
Tufce, and G. H. : A Scudy of the HEleoctvical
“ao From Low-Suldoe U arn Coals Usip YVarioos
dlanion Control Ascon, Heeting, ¢

WCA Preprioan Tr-L27, 1972, 31 pp.




- deta Tor oy ferions toste si o
i nalysis, pct 1 T T 5(52 in Q’\‘ c;;zs
Aolctu}e -free basis Coal ash anzlysis, Average Pct ot
Test date Sul-|Car-|Heating V._lft ____ | NumBer | S0; ppm [Lb 30,| input
Ash lfur ibon jvalue, Si0, Alé 4C20 [Nz 0 of at 30 pctf per sulfur
! Btu/1lb teers ] cncess [ MMEtu jemitted
- i ] ol =ir e
T _ _HOOT LAKE PLANT--BEULAL LToXNIGE--PC FIRED .
/25765 30 35.6]10.3]1.09;6%.4]10,830 {1&.2 9.8 20.1] 3.2 4 420 0.93 48
7/28/65 82 35.9110.1/1.03163.4/10,640 [14.4110.2 [21.1° 2.0 4 450 | 1.00 52
8§/16/€5 §2 26.7 9.9;].?5 65.4,10,900 17.0:11.4 ‘2 .0 1.7 2 &00 1.76 84
8/18/65 34 36.6110.2]1.10 65.8110,970 19.7;12.0 i26 3. 1.6 2 850 1.83 92
9/7/65 302 26.1 7 11.8 1.36; RA 110,570 17.6:111.0 :23.0 4.8 2 870 1.87 i3
5/2/66 84 36.1111.8 l.SZ;é&.A 10,600 {20.8{10.5 123.3 5.3 2 749 1.€6 58
5/3765 2y 6.3 0 10.811.31:64.8;10,720 19.7110.9 123.1, 5.6 4 730 1.55 63
5/4766 34 26.3 IW.E‘1.25;65.0 10,710 19.5110.9 ?].6! 5.8 4 710 1.58 68
5/5/66 i 360 47‘951.54665.6 10,740 17.41 9.2 ;37‘0§ 5.4 4 840 1.86 65
5/6/66 34 33.7 0018 1.33065.1:10,690 | 19.4:10.7 [ 2.6! 5.5 & 840 1.88 76
34,4 10.4'1.32565.2‘10,910 16.7:10.9 ©5.27 7.8 2 610 1.34 59
34.9 | 9.8/1.1065.5/10,910 |16.5!10.6 |7:.9] 3.8 3 630 1.37 69
34.3 9.8 .92:64.1 10,670 ila.ﬁ;lOAb 21.21 7.5 1 515 1.14 €6
34.5 9.8 .87.64.1110,670 116.9: 9.9 [71.5] 3.8 8 585 1.29 71
34.0 G.8]1.05.64.1/10,670 ’14.4]10.9 24.21 5.1 3 575 1.27 64
3.4 21']1{65'2 10,780 17.9;12.0 26.5; 1.1 5 tS0 1.51 74
3.3 (1.21164.6110,740 f17A3’12.O 220 1.0 13 770 1.70 75
35, i1 i64 8110,780 ‘18.7111.6 25.1 .9 13 820 1.81 L6
25.2 ©01.03:65.4110,5800 18.9112.1 [28.2 9 10 780 1.74 91
33.7 '1.’4‘63 9{10,530 20‘6111.5 £20.31 6.1 12 €00 1.34 &
35.7 1.03164.5110,680 19.7'11.2 20.0¢ 6.1 22 570 1.27 66
35.2 1.12164.4 10,660 20.1111.5 21.2; 6.1 9 550 ] 1.22 58
EQOT LnkE PLANT- -GASCOYNE LIGHITE--PC FIRED
; £0.1]14.811.52,61.3 10, )WO 32.4;11A6 15_9( 3.1 1 1,120 2.45 83
ir2 1.1 1 145001 )3;61 3!10,300 28.1112.7 18.9; 5.8 4 1,170 2.56 29
7/29 41.2 0 14.¢,1.38 €1.3 10,300 37.1 13.1 |16.4° 3.0 € 1,360 12.97 100
7/30/70 | 110 41.8: 14 8;1.68161.3.¢0 300 | 32.0°13.1 117.0i 3.5 3 1,325 2.90 89
7/31/70 108 41.7 1 14.8;1.68:61.3710,300 34.3'13.8 [16.71 2.1 3 1,395 3.05 94
8/4/70 110 £0.0]14.811.71161.3,10,300 |32.3110.3 [15.6} 2.0 3 1,300 2.84 86
. LELAXD OLDS PLANT--GLENHAROLD [10N1Ti--BC FIRED o
8/25/70 o3 36.7 ] 10.410.63]63.1]10,580 T30.7111.0]20.2178.8 8 425 0.3 78
8/26/70 93 37.8 1 11.5] .05/62.9{10,570 31.4°11.8 17.01 8.0 470 1.93 S4
8/27/70 24 35.2111.1) .61]62.7110,560 - 37. 5;13.6 16.20 7.7 16 £70 1.02 $9
9/9/70 56 36.8 1 11.7] .85{62.5/10,580  35.1'13.6 {17.7] 6.0 16 655 1.42 89
9/10/70 55 36.4 | 11.77 .B4162.1{10,470 i35 7{13.8 117.2! 7.0 4 590 1.28 80
10/28/70 92 36.8 1 12.7| .75162.3110,425 35.3113.4 [18.7] 6.2 6 520 1.14 79
10/23/70 | 100 38.1712.1| .74{63.6{10,700 |[33.0'12.2 {19.2] 7.8 12 510 1.11 §1
4/14/71 100 34.3113.211.09162.9{10,550 |33.8{11.2 |17.0} 5.1 5 660 1.44 70
. Wit J. NEAL PLANT--VELVA LIGNITE--PC FIRED
7/27/71 100 NA 9.10.57]64.7{10,920 38.1 13.0 [22.6] 0.9 7 355 0.77 74
7/28/71 100 A 9.1 .70164.7110,920 |46.0/13.6 {16.4 .8 9 52 1.14 59
7/29/71 160 | XA 9.1] .6€165.7110,920 34.1]14.5 {23.4 -9 12 455 .99 32
i MILTON R. YOUNG PLANT--BAUWOL-NOONAN (CENTER) LIGN1TE--CYCLONE FIRED
11724770 | 106 36.5 111.910.90763.910,490 |30.9]32.7 [19.47 0.7 6 765 [ 1.71 ] 10
4/16/71 ¢ 7.3 .5] .93,62.9{10,580 79.1;13.3 21.8 .8 10 735 1.61 91
2/6/72 .5 .6:11.11155.9) 9,270 |%5.8 14.0 {11.9 4 5 930 2.02 g6
5/77/i2 .1 41 .97156.71 9,270 |~+.8:14.3 113.8 4 17 785 1.76 82
$5/87:2 1.1 2 811.10]32.21 9,550 29.9!10:9 19. Qi i 17 765 1.8 1 _ 73
.w__,mum”.___i_ b 0D PLANT--BAUKOL-NOON (1ARSON) LIGUITE- ~SPREADER STOWER FIRED
11/17/71 | 100 25.0110.710.59765.7[10,940 |32.5[14.1 I5.61i0.9 8 130 | 0.29) 27
12/15/72 § 100 | 23.0)12. 5] 5464 7110,880 32.8114.4 16.8J 8.6 18 194 42 43
NA Yot asvailable
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